This study examined postconcussion-like symptoms in a group of university students and explored their relationships to neuropsychological function performance. A sample of 124 students was recruited. All of the participants received the Rivermead Post-Concussion Symptoms Questionnaire (RPQ) and completed a comprehensive set of neuropsychological tests. They reported a relatively high base rate of postconcussion-like symptoms. The most frequently endorsed items were "fatigue" (76.9%), "longer time to think" (60.3%), "poor concentration" (58.7%), "sleep disturbance" (50.4%), and "frustration" (46.3%). There were no significant differences between low symptom reporters and high symptom reporters, except for self-reported dysexecutive problems. A comparison of the healthy high symptom reporters and a convenient sample of traumatic brain injury patients revealed that the patients performed significantly worse on neuropsychological functions than the high symptom reporters, despite non-significant differences between symptom endorsement. Our findings demonstrate that: (a) the base rate of postconcussion-like symptoms in a group of healthy university students is relatively high and (b) postconcussion symptom (PCS) is not related to neuropsychological functions in normal people.
Introduction
Postconcussion symptoms (PCS) are experienced following brain injury, particularly mild brain injury. Most descriptions include somatic symptoms (headache, dizziness, and fatigue), cognitive symptoms (poor memory and concentration) and affective symptoms (irritability, emotional liability, depression, and anxiety) . Previous studies demonstrated inconsistent findings of the prevalence of PCS. Some (e.g., Hugenholtz, Stuss, Stethem, & Richard, 1988; Piland, Motl, Ferrara, & Peterson, 2003) showed that such symptoms are common in the first week after brain injury, and can completely disappear in the second week. Others (e.g., Alves, Macclocchi, & Barth, 1993; Anderson, 1996; Bohnen, Jolles, & Twijnstra, 1992; Bohnen, Wijnen, Twijnstra, van Zutphen, & Jolles, 1995; Brown, Fann, & Grant, 1994; Levin, Gray, Eisenberg, & Ruff, 1990; van Zomeren & van den Burg, 1985) found that these symptoms can persist for more than 3 months, or even years. Mittenberg and Strauman (2000) reported that 38% of patients with mild brain injury were diagnosable with Postconcussion Syndrome according to ICD-10 criteria 6 weeks after injury, and 28% of untreated patients met the criteria 6 months after injury. Both organic and psychological factors are thought to contribute to the onset and persistence of PCS (Chan, 2001a (Chan, , 2001b Jacobson, 1995; King, 1996) .
However, PCS can occur in the healthy population (Chan, 2001a; Gunstad & Suhr 2004; Iverson & Lange, 2003 ) and patients with medical or psychiatric problems (Fox, Lees-Haley, Earnest, & Dolezal-Wood, 1995a , 1995b Gasquoine, 2000; Gouvier, Uddo-Crane, & Brown, 1988; Iverson & McCracken, 1997; Varney & Varney, 1995; Wong, Regennitter, & Barrios, 1994) . For example, Chan (2001a) found that healthy people endorsed relatively high base rates of PCS, such as longer time to think (65.9%), poor concentration (58.9%), forgetfulness (58.9%), and fatigue (53.5%). Iverson & Lange (2003) also showed that fatigue (75.7%), irritability (71.8%), sleep disturbance (62.1%), and poor concentration (61.2%) were present in a group of healthy university students. Iverson & McCracken (1997) found that chronic pain patients reported high endorsement of postconcussion-like symptoms; the rate for individual symptoms ranged from 5% to 76.5%, and 80.6% of patients reported more than three symptoms. Therefore, it would be problematic to uncritically assume that these self-reported, non-specific symptoms are causally related to brain injury (Iverson & Lange, 2003) .
However, there has been a strong interest in neuropsychological consequences based on the belief that they will provide objective evidence of impaired brain functions, and may explain patients' subjective complaints and disruptions in psychosocial functioning (Dikmen, McLean, & Temkin, 1986) . These impairments usually occur immediately after the injury and are largely resolved within the first 1-3 months (Dikmen et al., 1986; Levin et al., 1987; Stuss, Stethem, Hugenholtz, & Richard, 1989) . Most of the residual impairments do not persist for more than 3 months (Dikmen et al., 1986; Levin et al., 1987; Mittenberg & Strauman, 2000) .
However, empirical studies of people with mild brain injury demonstrate inconsistent findings on the association between cognitive impairment and the reporting of PCS. Bohnen et al. (1992) compared the neuropsychological functions of brain injured people with persistent PCS (6 months after injury), those without PCS and a control group, and found that the patients with PCS did worse in selective attention and divided attention than the other two groups. This might mean that patients with PCS have cognitive impairments. Bohnen et al. (1995) further found that patients with PCS have less sustained attention than patients without PCS. Still some other findings showed patients with PCS to be more impaired in cognitive functions (Gangadhar, Rao, & Hegde, 1985; Leininger et al., 1990) . Others (e.g., Dodrill, 1997; Lannoo et al., 1998; Raskin, Mateer, & Tweeten, 1998) also found that there was no relationship between self-reported functional state, neuropsychological performance, and history of injury. Barth et al. (1983) found that some patients with mild brain injury might be emotionally disturbed but have no cognitive impairment. Studies recently showed that there was high relationship between PCS and depression (Gunstad & Suhr 2004; Iverson & Lange, 2003; Trahan, Ross, & Trahan, 2001 ). Bornstein et al. (1989) found a positive correlation between cognitive impairment and emotional symptoms. It is widely believed that emotion has some effect on the relationship between PCS and cognitive impairment.
The relationship between PCS and neuropsychological function in patients with brain injury is yet to be examined. What about the relationship between PCS and neuropsychological function in healthy people? If there are differences in neuropsychological function performances between healthy people with PCS and without PCS, we may infer that PCS can cause cognitive impairment. If there are no such differences, it may mean that it is not the PCS but the brain injury that causes cognitive impairment. Hence, it is important to study the relationship between PCS and neuropsychological function in healthy people.
In view of the aforementioned studies and clinical observations, it will be beneficial for both clinicians and researchers to have a clear understanding of the base rates and effects of PCS upon neuropsychological functioning. The study reported herein aimed to explore the base rates of symptoms similar to those of PCS among a group of university students, and the relationship between PCS and emotion. The effects of subjective complaints upon attention, memory, and mental flexibility were examined. We also used a convenience sample from our previous study (Chan, 2002) to compare the neuropsychological function performances of healthy participants and patients with brain injury.
Methods

Participants
One hundred and twenty-four students were selected from a university in Guangzhou, and received extra credit in a psychology course for participation: 49 of them were male and 75 were female. All of the participants met the criteria of not having any identifiable history of head injury, neurological disease, or psychiatric illness. The mean age and education of the sample were 22.73 years (S.D. = 1.69) and 16.22 years (S.D. = .92). All of the participants were right-handed.
Another convenience sample of 84 Hong Kong patients with brain injury, which was reported earlier (Chan, 2002) , was used for comparison. Hong Kong and Guangzhou are both located in the Pearl River Delta and share the same dialect and some rituals. The Hong Kong sample may therefore serve as a convenience sample for the comparison of neuropsychological performances between healthy participants and patients with brain injury.
Measures
Postconcussion symptom checklist
The Rivermead Post-Concussion Symptoms Questionnaire (RPQ) (King et al., 1995; Chinese version, Chan, 2000 , 2001a was used to measure the frequency and intensity of symptoms. It presents 16 of the most common PCS. Participants were asked to rate the extent to which these symptoms had been any problem over the past 24 h, using a rating scale with values of 0-4. A total symptom score can be calculated by adding up the item scores. The questionnaire had high reliability (.91) (King et al., 1995) and has been widely used. Chan (2000 Chan ( , 2001a translated it into Chinese and studied PCS in a healthy Chinese population. Chan (2002) also studied PCS in patients with head injuries and found significant differences compared to controls. The reliability of the translated version is impressive (.89; Chan, 2000) . The present study used the translated version of the questionnaire (Chan, 2001a) .
Neuropsychological tests
A comprehensive battery of neuropsychological tests was also implemented on all of the participants. The details of the tests have been described elsewhere (e.g., Chan, 2001a Chan, , 2001c Chan, , 2002 . In brief, the battery consists of tests that assess attention (Sustained Attention to Response Task, SART, Robertson et al., 1997 , Stroop Word-Colour Test, Victoria Version, Neuropsychology Laboratory, University of Victoria, BC, Canada, Paced Auditory Serial Addition Test, PASAT, Gronwall & Sampson, 1974) , memory (Logical Memory and Visual Reproduction subscales of Wechsler Memory Scale-Revised, Wechsler, 1987 , Letter-Number Span Test, LN, Gold, Carpenter, Randolph, Goldberg, & Weinberger, 1997 , N-back, 2-back was used in this study, Callicott et al., 1998) , and executive function (Verbal Fluency, VF, Spreen & Strauss, 1998 , Six Elements Test, SET, Burgess et al., 1996 .
Another set of questionnaires that captured everyday life complaints of neuropsychological functions and executive functions (Cognitive Failures Questionnaires and Dysexecutive Questionnaires) was also given to all of the participants. The Chinese versions (Chan, 1999 (Chan, , 2001c were used. The Beck Depression Inventory (BDI, Beck, 1967; Chinese version, Chan & Tsoi, 1984) was also implemented to control for the potential impact of emotional status upon neuropsychological performance.
Procedure
The research plan and the recruitment of the participants were approved by the university ethics committees. All participation was voluntary, and consent was obtained from all participants before the testing session. The duration of assessment was approximately 2.5 h. Intermittent rest was allowed between sets of tests. Table 1 summarizes the frequency and percentage of PCS. At the total score level, PCS were not much evident in the students. However, the students had a relatively high endorsement of specific symptoms such as fatigue (76.9%), RPQ: Rivermead Post-Concussion Questionnaire. N = 124. Severity rating: 0 = not experienced at all, 1 = no more of a problem, 2 = a mild problem, 3 = a moderate problem, and 4 = a severe problem.
Results
Frequency of the PCS
longer time to think (60.3%), poor concentration (58.7%), sleep disturbance (50.4%), and frustration and impatience (46.3%).
There was no effect of gender on the total endorsement of PCS (Z = 1.462, P = .144) or at the individual item level (after Bonferroni correction, i.e., P = .003125). Hence, in the following analysis we will examine males and females together.
A moderately high correlation was found between the RPQ and BDI scores: the Pearson correlation coefficient was r = .615, P = .0005. The RPQ item responses of a subgroup of individuals with elevated depression scores on the BDI were also evaluated. These individuals (N = 16) were selected based on a BDI cutoff score of 14, which would classify them as falling in the mildly depressed range or higher (Beck, Steer, & Brown, 1996) . The average total RPQ score of this subgroup was 10 higher than the whole group of participants (for the whole group the mean score was 9.38; for the depressed subgroup the mean score was 19.38). The most commonly reported symptoms in this sample included fatigue (93.7%), frustration and impatience (93.7%), poor concentration (87.5%), sleep disturbance (81.2%), and longer time to think (81.2%). Hence, the most commonly reported symptoms in this subgroup were the same as the whole group, except that the frequencies were much higher.
Neuropsychological correlates of PCS in high and low symptom reporters
To further examine the effects of PCS on neuropsychological performance, we choose the lower 25% of participants as low symptom reporters and the upper 25% of participants as high symptom reporters. The low symptom group had 28 members (score ≤ 2), and the high symptom group had 30 members (score ≥ 15): the average scores of the two groups were .89 (S.D. = .92) and 21.77 (S.D. = 5.25).
We used Mann-Whitney U-test analysis because the distribution of the RPQ score was skewed. KolmogorovSmirnov test was used to test the normality of the RPQ score, and found that Z = 1.529, P = .019. RPQ high and low symptom reporters did not show significant differences in age (Z = .12, P = .905) and education (Z = 1.93, P = .054), but they were significantly different in RPQ (Z = 6.60, P = .0005).
Considering the high correlation between BDI and PCS, we controlled the BDI score as a covariant. Table 2 shows the differences between the neuropsychological performances of the two groups. of DEX [F(1,55) = 10.22, P = .002]. However, only the self-reported DEX score remained significant after Bonferroni correction (i.e., P = .0028).
Comparison of high symptom university students and head injured patients
The mean total RPQ scores of patients with brain injury in Chan's study (2002) and the healthy sample were 23.66 (S.D. = 12.23) and 9.38 (S.D. = 8.27). There was significant difference between the two groups (Z = 6.72, P = .0005). However, there was no significant difference between the high symptom reporters of the healthy sample (M = 21.77, S.D. = 5.25) and the patient group (P = .40). To further clarify the relationship between head injury, PCS, and neuropsychological functions, we compared the neuropsychological functions of patients with brain injury from Chan's study (2002) and the high symptom reporters from the present study (Table 3 ). The patients with brain injury performed significantly worse than the healthy high PCS reporters in most of the neuropsychological test performances. 
Discussion
Our findings show that postconcussion-like symptoms were common in healthy university students. These results are consistent with those of past studies that reported high endorsement rates of postconcussion-like symptoms in normal populations (e.g., Chan, 2001a; Fox et al., 1995a Fox et al., , 1995b Gouvier et al., 1988; Iverson & Lange, 2003) , and in non-brain injury patient samples (e.g., Iverson & McCracken, 1997; Lees-Haley & Brown, 1993) .
The viewpoint that PCS is not specific to head injured patients (Gunstad & Suhr, 2002 ) is supported by our findings. Table 4 compares the present study and previous studies. Common symptoms that were reported in this study, such as fatigue, impatience, sleep disturbance, forgetfulness, and poor concentration, were also present in previous studies. These findings indicate that non-brain injury populations might also suffer a number of subjective complaints due to a variety of personal and psychological issues such as study, work, and emotional state in everyday life (Chan, 2001a; Gouvier, Cubic, Jones, Brantley, & Cutip, 1992) . As Lees-Haley and Brown (1993) commented, we should distinguish symptoms that are caused by specific injury from the baseline. Only the frequency of PCS is not sufficient to judge whether they are caused by head injury. We suggest that clinicians should be aware of the high prevalence of these symptoms in persons without brain injuries when considering a diagnosis of PCS. It is strongly recommended that a closer look be taken at the assumption that self-reports of these symptoms are substantive evidence of neuropsychological impairment for medico-legal cases. However, self-reported PCS should also be incorporated into extensive clinical assessment protocols in assessing the severity of PCS (Chan, 2001a) .
Compared with Chan's (2001a) study of a healthy Hong Kong Chinese population (community-dwelling participants) using the same questionnaire, the most commonly reported symptoms in the university study were longer time to think (65.9%), poor concentration (58.9), forgetfulness (58.9%), fatigue (53.5%), and sleep disturbance (50.6%). The most frequently reported symptom in the university study was fatigue (76.9%), which may have been due to time pressure from lessons or work. For the community sample, longer time to think was the most frequent symptom, perhaps due to the demographic variables (for Chan's study, mean age was 33.9 years, S.D. = 10.4, mean education years were 12.3, S.D. = 2.8; but for the university study, mean age was 22.73 years, S.D. = 1.69, mean education years were 16.22, S.D. = .92, both of which were significantly different). The frequencies of specific symptoms that the university students reported had few differences with those of the community dwellers. For the overall level of PCS, Chan's total mean score was 9.49 (S.D. = 8.08), which was not significantly different from that of the university study (M = 9.19, S.D. = 7.58) . From these consistent findings, we can presume that PCS are very common in healthy people.
Considering the moderate degree of symptoms, if the score of a specific symptom was "3" or above, we could see that it was a moderate symptom (Iverson & Lange, 2003) . For the university study, the most frequent moderate symptoms were fatigue (13.2%), longer time to think (9.1%), poor concentration (9.1%), sleep disturbance (9.1%), and frustration and impatience (7.4%). For Chan's (2001a) community study, the symptoms were forgetfulness (12.9%), longer time to think (9.4%), poor concentration (8.3%), sleep disturbance (8.3%), and irritability (5.9%). Hence, the findings are consistent between the two studies. The most frequent symptoms were the most severe symptoms. In Iverson and Lange's (2003) study, the moderate-severe symptoms were poor concentration (15.6%), fatigue (13.6%), memory problems (13.6%), poor sleep (12.6%), and irritability (11.7%). Generally, the findings of our university study are consistent with those of Iverson and Lange's study, but the frequencies of their study were higher, perhaps due to the different questionnaires used or cultural differences.
Our study also demonstrated that postconcussion-like symptoms are highly associated with depressive symptoms. This is consistent with the findings of previous studies, which demonstrated at least moderate correlations between postconcussion-like symptoms and depression (Gunstad & Suhr 2004; Iverson & Lange, 2003; Sawchyn, Brulot, & Strauss, 2000; Trahan, Ross, & Trahan, 2001; Wong, Wetterneck, & Klein, 2000) or life stress (Machulda, Bergquist, Ito, & Chew, 1998) . As might be expected, frequently reported postconcussion-like symptoms among the whole healthy population were also most frequently reported by depressed individuals (fatigue, sleep disturbance, frustration and impatience, longer time to think, and poor concentration), but the frequencies that were reported by the depressed subgroup were much higher. The average total score of PCS in our depressed subgroup was 10 more than the whole group. These findings indicated that it is necessary to consider depression as an important confusing factor when using PCS to make diagnoses. Gasquoine (1997) commented that the most frequent symptoms reported by mild brain injured patients were headache, poor memory, poor concentration, irritability, and dizziness. In our study, these symptoms all had high frequencies, which indicates that PCS might not be specific to brain injury.
Regarding the neuropsychological correlates, we found no gender effect between the high and low symptom reporters at both the general and specific item levels of PCS. Most of the neuropsychological performances were not significantly different between the high and low symptom reporters. This means that the high symptom reporters did not perform significantly worse in many cognitive domains than the low symptom reporters, except in everyday life subjective complaints of dysexecutive-like behavior. These findings are consistent with those of our previous, community-based study (Chan, 2001a) .
When we compared our university study with the convenient brain injury sample from Hong Kong, we also found that the brain injury sample did not report significantly higher RPQ scores than the healthy high symptom reporters. However, the results from neuropsychological function performances showed that the healthy high symptom reporters performed significantly better in attention, speed of information processing, and strategy allocation. These results may indicate that neuropsychological impairments might have been caused by the brain injury. However, our present findings might have been limited by the fact that the university students were younger and had a higher educational level than the earlier patients.
Future studies should adopt a better design to gain a clear understanding of the relationship between PCS, brain injury, and neuropsychological functions. Ideally, four different groups of participants should be recruited, as suggested by Hanna-Pladdy, Berry, Bennett, Phillips, and Gouvier (2001) , including PCS with brain injury, PCS without brain injury, no PCS with brain injury, and no PCS without brain injury.
